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1100-EM-1

RADIOCHEMISTRY STANDARDS AND CONTROLS

This sections contains supporting documentation for radiochemical anjlyses
performed for 1100-EM-1 project, gross beta analysis, Sr analysis, Tc
analysis (procedure 7-40.39), liquid scintillation analysis, and tritium -
analysis.

Detector Controls

- Beta detector background, control, and efficiency counts

- 9 Sr/Y standards for beta counters #52733-81-1 through 52733-81-4

- Sr/Y standard for beta counter #17

* Tritium liquid scintillation counter control, background, and efficiency
counts

Solution standards:

- 9 Sr standard #52733-117-1 and #52733-117-2

S 99Tc standard #54124-64-0 and #54124-64-17

S 99Tc standard #52733-80-RS-4 (for LSC data)

- 9 Tc standard #54124-62-100

- Strontium (stable) carrier solution

- H Standard #52733-109-1

3 H Standard #52733-109-100

Calibration Curves

- Alpha and Beta Disintegrations per Count Determination

SrC0 3 Calibration Summary

- 99Tc Calibration Information

Performance checks of pipets and balances

support.eml

B01-001



Ii Detector Controls
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Beta Detector Background, Control, and Efficiency Counts
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COUNTER BACKGROUNDS BETA COUNTER 0 _ _
9.dlo-.n.IyaI, Laboratory
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COUNTER CONTROL DATA

M&TES ,d

STANDARD# 52 433- a)z

DATE OBSERVEn RKD. CORRECTED . TECh REVIEWED BY
C/M C/ LIST - -

TOT US5. HI i AEINT.

CLL 4& J g (;.- 52tP1jalj ___

!/2 ./4L ,3dA r a 7 0sc Z&s -o-ir Ci & (Ii-s _
2/1Z 41431 . I.5./1 1

112:IL ? q ? i .'L i s I 1, 1J 12.

Il3, t51 q !,T

12o /1 t .7 -# 5 5\. 4 S.I qf3sj I

44 4

6 L, x41 o, t4 57 X~i

cl --- -/$ ._7 L4._si, ____ ____

-- - -2-4. 0.5 1 0 A9
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14211 -. 4,938 5 _ _t a o- _I/ui (az 5 l3 _.13. 331.
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COUNTER CONTROL DATA

/ -3/-Th

B01-00

MaTE# '&;&. 2d

STANDARDS k- t CONTROL LIMITS_ J //A

DATE OBSERVED BKO. CORRECTED J TECH REVIEWED BY
C/M C/H LIST

TOT CTS. MIN C/ C/DAE IN.

I/la -i. 85? 10 t 4 15 jjj a JX4- _

'77_ 12 to 7.9.27 7&4, &IV _

770 7 ip qj -i1__

__ 77o 9(wii 1~ & 1 1 9. 1. -, 1--4
773 /01 2

2&&it = 15- k ;, -t 17

7 A. m _/g
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SETTINGS CHECKLIST: Beta #66

(Confirmed correct settings on 1-13-92)

Ortec 459

Output Voltage

Ortec 571

Amp Gain

Coarse Gain

Shaping Time

B/R Auto-PZ Adj Switch

Delay Switch

Pos - Neg Switch

Polarity

Ortec 776

Window

Lower Level

Integral Switch

Ortec 776

Discriminator

P-10 Gas

Either tank at 0 psi?

1700, setting at 157

1.0

100

1

PZ Adj

down (Out)

Positive

Bipolar (This setting is not on the front
of the amp and need not be
checked each week.)

10.0

1.0

Integral

4.0

If so, request P-10 gas change.

"'

B01-00 9



COUNTER BACKGROUNDS BETA COUNTER f 67
9adIo-anaIysI a laborsiory

DATE: TOTAL MINUTES TOTAL COUNTS COUNTS PER INITIALS
COUNTED MINUTE
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COUNTER CONTROL DATA

H&TE# , 7-

STANDARDS .2 133- 91 - 2

DATE
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SETTINGS CHECKLIST: Beta 067

(Confirmed correct settings on 1-13-92)

Ortec 459

Output Voltage

Ortec 4909

Coarse Gain

Integral Switch

Fine Gain

Window

Lower Level

Polarity

Ortec 776

Oiscriminator

P.10 Gas

Either tank at 0 psi?

1660, setting 168

32

Integral

3.3

10.0

1.0

Bipolar (This setting is not on the front
of the amp and need not be
checked each week.)

4.0

If so, request P-10 gas change.

BO1-014
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COUNTER BACKGROUNDS BETA COUNTER I 68
Radio-analysis Laboratory

DATE: TOTAL MINUTES TOTAL COUNTS COUNTS PER INITIALS
COUNTED MINUTE
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COUNTER CONTROL DATA

I&TEI 6

STANDARDS 5 Z3 3 -/ -3
.S.024a1 -Ar-, ClnA 4 g dOaS.
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COUNTER CONTROL DATA

HATEd & 9

STANDARD# ? v Sa? w CONTROL LIMITS N/A

DATE OBSERVED OKI. CORRECTED ./ TECH REVIEWED BY
C/M C/M LIST

TOT CTS. MIN C/M DATE INT.

7 i14 yqg 2,92- Zo rA a.t 14 . '' L3 -
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.U42... t_______.__
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SETTINGS CHECKLIST: Beta 168

(Confirmed correct settings on 1-20-92)

Ortec 459

Output Voltage

Ortec 4900

Coarse Gain

Integral Switch

Fine Gain

Window

Lower Level

Polarity

Ortec 773

Master-Slave Switch

Timer Switch

Ortec 775

Discriminator

P-tO Gas

Either tank at 0 psi?

1620

32

Integral

3

10.0

1.0

Bipolar (This setting is not on the front
of the amp and need not be
checked each week.)

Master

Min.

-3.75

If so, request P-10 gas change.
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COUNTER BACKGROUNDS BETA COUNTER I ,a'4L.
Radio-analysls Laboratory

DATE: TOTAL MINUTES TOTAL COUNTS COUNTS PER INITIALS
COUNTED MINUTE
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COUNTER CONTROL DATA

M&TE# Ao i!L /

STANDARD#j- t 73

DATE OBSRVF RKD. CORRECTED ./ TECH REVIEWED DY
10! U. 41 C/N C/N C/M LIST f~E lilot cts, r/m lAF TN

on'-7 - ---

.?-w~~~ ac >q / , 1 .0 -naoi s-

9::.) .-7 0 _/ J4-7 ( .3'-7 t 0,
2-12 CsM1 1 .i3.%gt y - 13 12 d 7 O
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COUNrER CONTROL DATA

MITES Z0 I

STANDARD# 52-733-61-

DATE OBSERVED BK . CORRECTED / TECH REVIE ED BY
C/N C/K LIST

IOT CS. MIN f/M TE INI.

1 4 8 '34.3 aL74A 11 -J53.e o.738 1 5 s3.1 AL

' /z.- 8495 3 /3)12, .-- a b al. - -;1 9

I L4/ ,7 8 24 5 13,511t.. i.f,- 3 13, 5(--I -

/ g ,t4 5 ojS6 13 og.a q3 > I

-g177 623, 0- e . O ,7 - /3 4C.5 '

c lp110 5 ,j tf14 -. 7J' 1,,Srf. f
' -4 ? e j.73.2. o.73r /3.75.5S

1 -SA CZ-/ 5 /. X4s1/.73r /3 '4&Sf 7 3 5

i-1'%.i Ct/S £/1). a 0.71r 3

~ j347/&_ ___
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COUNTER CONTROL DATA

H&TEI k VS 4/

STANARDI 41' --1___ __ 7 CONTROL LIMITS AtJ4

DATE OBSERVED BKD. CORRECTED / TECH REVIEWED BY
C/M C/M LIST

TOT CTS. MIN C/H DATE iNT.

fif'p to 3_
0~, q 8 V.ihcz 792799 /,.p

-7192.0
S' 34.1 H/.2?S __

5/133 - qq / - I

ss
ze,-W S 3 5 158-i.

{ f921 5 2 C, 651.51

________ _____.J1fr ___

13i 5 6. ) I

a/o S tn pjl a_ _ _ ._ __ _ ssq
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COUNTER BACKGROUNDS BETA COUNTER 0 Zo '8ecl . 2.
*adto-an.Iyst. Laboratory

DATE: TOTAL MINUTES TOTAL COUNTS COUNTS PER INITIALS
COUNTED MINUTE

/-__1 /000 f0.9W7 qg3,'
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/-,? -. rt 99, 7.s

I - q- 9a2 /0610 54A7 6 o, 71
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COUNTER CONTROL DATA

MKTE# , A ,72 e

STANDARDS .t /53 - 2/- A

DATE OBSERVfo RKD. CORRECTED I TECI REVIEWED BY
C/M C/M LIST

1t T 15 . NIN f/m s ,' DATE INl

1-A t9 5 /-359 .,w-5 /a ? 9 idJ/qv l 2

-- G .'u / ;7Mb _W3G ?4; . y

.q-?' L 132: k iCg4A 0.551 fl3 I, Y'

2 -7-7J e _3'77P _ 377?2 -

U01-027



COUNIER CONTROL DATA

MTEf Lo &i, *2

STANDARD# 9 0 Sr-Y *1 NU- 4A CONTROL LIMITS i /A

DATE OBSERVED BKD. CORRECTED .1 TECH REVIEWED BY
C/M C/M LIST

TOT C15. MIN C/A DATE INT.

/IUt/2 '79 851 10 -7,sas . 2 AC. LW L (. -Lt 12.80 .--o -8-2o.B 8.. . -fL.2 .

.. &2&Lai. 49 16A'& - 1 _.._.

73a1 to J6?27 . 7331.. -1 49__

A~L7L - -8.5 1 C

; !3r 5. 3.~1 0 .stDK

. 1 7 4830 10 
/7 61. 

0 
/ - 13 ,. 'L

-k4 - 1 .8 8

a _ _s ra _ _n

a-z h/ - a 1 e9 j -- 3 Sq 13,84 .7

* / -'44 /A 3 ( /1 631.0 /3,__ v3 .

X 1i v 4' FC-c 13, '1 3 .i ~ 0 .- 510 /3,?f

Exit, 4/ /3 a - /- T._____

11 95-5- 413 15 .. Q? 1- -, l___

4z42.. Z It2 91.7 IT Po i 52, y ~t pyl _

-~~~ -. = - - __

10 4LLzi..S.4__

01-028
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COUNTER BACKGROUNDS BETA COUNTER # 4Set ~5
Radio-analyst. Laboratory

DATE: TOTAL MINUTES TOTAL COUNTS COUNTS PER INITIALS
COUNTED MINUTE
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COUNTER CONTROL DATA

?IITEI 1

STANDARD# -.- Z 737- 3

DATE OBSERVFD BKO. CORRECTED j TECH REVIEWED BY
C/N C/N LIST

TOT CIS. MIN C/ C/LSE INH.

-Q 9Iq7o f ___ 6 /3 a-a'Z X 4(4
I2 ij'r2o 3 13o 0.Y i39Y/'/ q - e

r 92 i i1331.' 0.-/, 381.1 h , r-Yri .
- 2( s- /3t 72.2 0.S7g /- (G., - 7.& _k

2 m,.T - a o17.? i't I.) o
- 3,?3rVo/ / 3 /31V .61V 1 5739.7 S-

I01-031



COUNTER CONTROL DATA

1&TE# /.w Zd- 3

STANDARD# 52733-e-A

DATE OBSERVF. BKn. CORRECTED / TECH REVIEWED BY
C/M C/M LIST

lt CTS. MIN C/M DAiE INT.

// 3S 5 9 0. - a, .9 -

t. 1 50 i/ V7 0.701 /37 
/,.a .l 7/ 5 ,p vg13. 7.4 -7o /I S .

1 t ../ S / 2 _. o.1_ - I_ -_ -___ v
?t FrV L,?A 0.7,771 ,f00

F ?17 _Z 1-1. A70 Z3 24Z 3. /

-h glb,._-_ 3 5 10_

2 ' __- -

4_ _ _ a, 1

- --- .Lc-



COUNTER CONTROL DATA

MITE# L B ETa 03

STANDARDS 6S.- Y (f-rgq ' n# / 7 CONTROL LIMIT S N /A

DATE OBSERVED BKD. CORRECTED / TECH REVIEWED BY
C/M C/M LISTroi CIS. MIT C/Il DATE -MT NI

IS 6. -740 1897,0 . 7H ?a9(,
I & 799V jo 9(.

7-1/9e ,.75 0. | s? 1 9 /0.L
7 JP/ 7 .Z .. 19(7.8 0C.5;i 7q/7. z

o ts 5 vza. AL. . s ?I 15C;125.(i 1

//2/t 1q-+ . I ~ Sv 2 I qs. _

.2' 7 $ 0.554 onk.

/ze/gz.a -,73 Z. Dw La..4 9. 5,5' s s~

44 / _- _ _ 5 5 13e, A8(.-Lq 0.701 13, 10.5
4 2a / 1 ( .3 5 j3 a q.. o q~ o 15 . q
. .o/. 9.ao S eno l., £.a-r.-

/ / o 5 13,')/. - i.2t 3,ico. I

Cuer--v e/s = 1,905.9 % .5 e -r + - , : / .1 .

3.. __.9-r . - -i~ W o. -' - ];,

- =- - n.ad a.- - _

BOI -033



9 Sr/Y Standards for Beta Counters #52733-81-1 through 52733-81-4
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CERTIFICATE OF
BETA STANDARD SOLUTION

Half-life: 29R. 82 f 1A )/y
Customer: Bat-r-e. AnrL,, P.O. No.: U 06 51A-9

Solution No.: 126 -A-A' Cata
Description of Standard Solution

a. Mass of solution: 5-.1709
b.Chemical form: -5:
c. Carrier content: Sr 4.
d. Solution density . 4

Radloimpurities
A/ . . Deraet

log No.: 70 9 -

I &~ Ye'
- / .11 0 C

Radioactiv taughters
9a V 1. e in E :I ;

Radionuclide Concentration
a.The concentration was
b. Reference Date: ... Jg

ti

Y9. /( c r
Method of Calibration

Weight aliquots of the solution were assayed using
) Liquid scintillation counter.
) Internal gas flow proportional counter.

Uncertainty of Measurement
a. Systematic uncertainty in Instrument calibratIon:* ± %
b. Random uncertainty

1. in assay: ± I. S %
2. In weighing(s): 1 2,± %

- c. Total Uncertainty: ± L.7 % at the 99% confidence level.
NBS Traceability

This-calibration is Implicitly traceable to the National Bureau of Standards.
Notes

1. Nuclear data were taken from "Table of Isotopes", Seventh Edition, edited by
C. Michael Lederer et al.

2. IPL participates in an NBS measurement assurance program to establish and
maintain Implicit traceability for a number of nucildes, based on the blind assay
(and later NBS certification) of Standard Reference Materials. (As In NRC
Regulatory Guide 4.15)

Quality Control

YflA)1 K
ISOTOPE PRODUCTS LABORATORIES

1800 No. Keystone St., Burbank, California 91504
(818) 843-7000

B01-ods
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Radionuclide: .5f -9O
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SEPARATE CfVfYR.

4ationnl Pureau of jtandards

Uertif irate
Standard Reference Material 4926-C

Radioactivity Standard

Hydrogen-3

This Standard Reference Material consists of approximately 18 milliliters
of a master solution of tri tiated water, In a flame-sealed borosilicate-glass
ampoule.

Aliquots of this master solution and of the 1961 tritiated water standard,
SRM 4926, were made up gravimetrically with liquid scintillator into 18 and
45 vials, respectively, and intercompared by liquid-scintillation counting.
The radioactivity concentration of SRM 4927 (which was the master solution
for SRM 4926) that had been measured in 1961 (W.8. Mann, R.W. Medlock, 0.
Yuro, int. J. appl. Radiat. Isotopes, 15, 351 (1964)), was redetermined by
gas counting in 1978 using the NationaTVBureau of Standards length-compensated

a.nternal gasoproportional counters. Based on these 1978 measurements, the
gravimetric 41lution factors, and the liquld-scintillation counting inter-
comparison, the radioactivity concentration of 4926-C, as of September 3, 1978,
was

*3.406 x 1O 5_ 9- + 0.63%.

The uncertainty of the radioactivity concentration, 0.63 percent, is the
linear sum of 0.18 percent, which is the limit of the random error of the
gas-counting measurements at the 99-percent confidence level (4.032 Sm.
where S is the standard error computed from 6 determinations), 0.25 per-
cent, Aich Is the estimated upper limit of conceivable systematic error
In the gas counting and sample preparation, and 0.2 percent, which Is
the estimated upper limit of the error in the gravimetric dilutions and
the liquid-scintillation measurements.

The radioactivity concentration of 4927 as determined in 1978 is 0.7 percent
higher than the results determined in 1961, using a half life of 12.35 years.
They agree, however, within the estimated overall uncertainties.

This Standard Reference Material was prepared in the Center for Radiation
Research, Nuclear Radiation Division, Radioactivity Section, W. B. Mann, Chief.

Washington, D.C. 20234
January, 1979

J. Paul Cali. Chief
Office of Standard Reference Materials

SRM 4926-C

*1
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NOTES ON rts nMS STAROASOS FOR HYOROGEK-3-WATER
SRn-4926. 4926-6. 4926-C and SAM-4927. 4927-B

A recalibracion has been made on thi HIS standard for I5 -water by means of ges
counting. and naw batches of ..tarial have both prepared. lecause of the large
nuaer of the earlier standrus still in use (1) and because of their lmortanca
In International hydrology "asureswnte (2). It Is Important chat the relache
radioactivity concentrations of the five existing 4IS tritius standards be liven.
the diagram showl her. gives. m4s radioactivity concentrationh relative to SM-4926.
as of Sesp. 3. 1118. It may be seen that the three low-level materials are essen-
gially equivalent.

RELATIVE RAOIOACTIVI"T CONCENTRATIONS OF 3IH-WATER SR'S

202.47
'27-a

ausQ 92- - --- - .- *526 100 --. 0W.

The links represtated by sol id lines were computed from gravimestric dilution
factors for which the uncanaincles are less than 0.1%. rhe links represented by
the dashed. lines are beset on IlIquid-scintIlltion intercosparisoas, for which
the uncertainties are less than 0.21.

Bese on gas-counting asurseants of six saiples of the 1961 SA--4927 ade In
1176, Lila following radioactivity concentration values are obcalfned:

SM R4d10actiViy nraclonli-I"
Ietme M.a9J

4926

4926-6

4926-C

4927

3.406 x 10' z 0.4t1

3.403 a 101,t 0.4,1

3.406 * 10 s 0.6,1

3.411 5 101 t*O.41.

4927-I ' 6;909 a to' : 0.6lO

On the basis of the 1961 gas-countIng auremants. the radioactivity concentration
of S1M-4927 wea 0.89J a 106 s-1 1' a It as of SetMber 3, 1961. The relative
egreement between the 1961 and 1174 gee-counting easureaents cannot be established
enequivocably. however, because of the uncertaincy In the half life (If a halt
lift of 12.35 y IS used, the 1961 and 1978 standards agree to within 0.71; for
complete agreesent. It would be necessary to use a half life of 12.44 y..)

(1) Min., W.., edlock. &.W. and Yura. 0. lat. J. eppi. Aslac. Isoccpes, 15.
351 (1964)

(2) raylor, C.A.. lat. J. _ppl . _Ladac Isotopes, 21, 39 (1978).
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Tritium Liquid Scintillation Counter Control,
Background, and Efficiency Counts
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1:1, OA_1.Q-30.--90-

, _-- Nancy__ - <oom Mal in

Enclosed is a copy of the recalibration of your SrY-90 standard solution submitted

for recalibration as #W-74.

The original calibration, 1.47x103 D/m/ml 3-14-80 decay corrected to 10-24-90 is

Ix103 D/r/ml. The ratio of the values (recalibration)/(original calibration) is

0.9771, within the error ranges of the two values.
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99Tc Standard #54124-64-0 and #54124-64-17
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40 Ba elle Proj t Nubr 19432

Pacific Northwest Laboratories Internal Diribution

File/LB
Dte March 4, 1992

To Standards File

From Sandy Fadeff§. t Z
subject Tc-99 Standard Preparation for lIOQEMi

A 99Tc standard was obtained by Eric Wyse from NIST. This standard was
originally prepared by NBS and is labelled 4288-77 and contains 3.759 x 104
Bq/g. This standard information was entered into LRB #54526 pg 5 - 7.
Dilution of the standard was made and entered into LRB #53960 pg 28. A copy
of this dilution information was entered into LRB # 54526 pg 10. A sample of
this dilution was provided to the radioanalytical chemistry group and was
called 53960-28.

A copy of the standard certificatte and dilution information was entered
in the radiochemistry standards noteboook LRB #53293 pg 32 as well as into the
329 building radiochemistry standards notebook LRB #54124 pg 64. In keeping
with the usual numbering system of the radionuclide standards for the 329
builidng, the standard, originally given us by Eric Wyse, was given a new
identification: 54124-64-0. This standard was diluted again (1.4553 ml to 25
ml, a 1:17 dilution) and the diluted standard is called 54124-64-17.

tc99.std

B02-010
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Standard Reference Material 4288

Radioactivity Standard

Radionuclide

Source identification

Source description

Solution cacposition

mass

Radioactivity concentration

Reference time

Measuring instrument

Randon uncertainty

Systematic uncertainty

'ITtal uncertainty
(Random plus systematic)

Photon-eitting impurities

Balf life

Technetiumn-99

428- 77

Liquid in NBS borosilicate-glass
ampoule

59.31 ug of T(VII) as potassium
pertechnetate per gram o a rox-
irately 0.001 molar lR

/. 9/0 grams

3.759 x 104 B g-l

November, 1982

Liquid-scintillation counter (2)

0.27 percent (3)

1.35 percent (4)

1.62 percent

None oserved (5)

(2.111 * 0.036) x 1D years (6)

This Standard Reference Material was prepared in the Center for Radiation Research,
Nuclear Radiatim Division, Radioactivity Group, Dale D. HBCpes, Group Leader.

Washington, D.C. 20234
November, 1982

George A. riano, Chief
Office of Standard Deference Materials

Notes on back
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45q 5 2- (. p 4

(5 Te rrcc4 was prepared by M.w. Heitzmann of the U.S. Food and Drug Administration
from t4U 4 obtained from Oak Ridge National Laboratory. The solution density
is 0.998 g am- 3 at 21.8'C, and the jaw 4 concentration is 0.00060 molar. The UV
spectrum of this material exhibited only the characteristic doublets at 243 and
287 in (A)

(2) 'wo liquid-scintillation counters were calibrated using the method of J.A.B.
Gibson (B,C,D). Three different radionuclides were used as the standard: 3H,
14C, and 60Co. The results obtained using the three radionuclides agreed to
within 0.32 percent. The 1 4C result was used for confip tion only. The
value given here is the unweighted mean of the 3H and iCa results.

(3) Half the 99-percent confidence interval for the average of tS. 3H result and
the 60Co result. The standard deviation of the mean of the H result is 0.15
percent based on 6 degrees of freedo, and the standard deviation of the mean
of the 6 0Co result is 0.09 percent based on 9 degrees of freedom.

(4) The systenatic uncertainty is the average of that for the 3H result, 1.20
percent, and that for the 6 0 Co result, 1.49 percent. These values are linear
sums of estimated upper limits of uncertainties due to the following:

a) reference material for
standard radionuclide 0.63 0.68

b) source preparation 0.07 0.17

c) theoretical model 0.30 0.20

d) gama-ray contribution to
beta-particle detector 0.24

e) quenching 0.10 0.10

f) interpolation from
calibration curve 0.10 0.10

1.20 1.49

(5) The master solution from which these standards were prepared was examined with
germaniun ganna-ray spectrometers and no impurity was found. Limits of detec-
tion as a ratio of gama-ray-enission rate to technetiunr-99 activity are

1 x 10-6 between 90 and 300 keV
1 x 10- 7  between 300 and 1900 keV.

(6) NBS-measured half life based on the formula T - N I n(2)/A, where N is the
number of atoms, coputed using an atomic maza for technetium-99 of
98.906254 * 0.000002 grams and the gravimetrically determined mas of
technetium-99, and A is the activity determined by liquid-scintillation
counting. The value recnmended by the Oak Ridge Nuclear Data Project is
(2.13 * 0.05) x 105 years. (E)

A References on last page
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of this Standard Reference Material.
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Division of Drug Chemistry
Washington, D.C.

J.C. Leak
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Radiopharmaceutical Drug Products
Rockville, M

For further information please contact Dr. Bert M. Coursey at (301) 921-2383.
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Amersham

TRACEA3ILITY TO NIS

The radiation measurement value reported for this product is the result of
measurement prQcsdures which are considered to be "NIS traceable" and which
satisfy requirements outlined in Regulatory Guide 4.15. Revision 1, February
1979. These claims are supported by the following considerations:

1) Many direct activity seasurement intercorparisons have been made between
Astrshae and NIS over a period of many years. Some specific examples that
illustrate the magnitude of the work which has occurred are listed belm,:

a) Randomly selected samples of each production batch of the QCT.44. QCY.46,
and QCD.1 mixed radionuclide products are measured by NIS and a Report
of Traceability issued to Amershem. During the period 1978 through
1984, 65 separate solution standards and point sources have been inter-
compared in this manner.

b) Amersham participates in intercomparison exercises with NIS which involve
single nuclides in standardized solution form. During the period 1983
through 1984. nuclides which were intercompared in this manner included
Cs-137/a-137m, Sr-S9 and a-133. In addition, 17 separate muclides have
been intercompared during the period 1971 through 1982, and repeat inter-
comparisons of some of these nuclidas at different times bring the total
to 2A.

c) To further erengthen Amersham's direct Inks to 33S, it is planned, for.
the period 1985 through 1957, to carry out intercomparison exercises
between AS ,and Amershas which will inzlude the following radionuclides:

1) Aa-241 alpha reference source
Ii) 31-63_.. beta solution
111).. C-14 beta solution

- iv) Cl-36 beta .solution "- B
v) Sr-90 beta solution 'U

vi) P-147 beta solution 52626vii) Tl-204 beta solution
viii) a-133 gamsn point source

ix) Aa-241 gaas point source
x) 1-129 beta solion

These comparisons will be in addition to the mixed nuclIde standard
tntercompariaonsa. -

BMW LABORAOR COPIED FDR PMNOTEBOOK RECORDSCEMR

5262 NV11I'88
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Description e;Prin 4=4ie -Tcntue9ac.poerr 64! ,I

- Radot[Vo com.entration Of tachnetide-99: 12.54 meicrturls, per gram oitisolutIon
whIch Is equivalent to, 464 kulobacquereIls per gram asolution

-pass of solut io 5.0299 grown. . Jh

Total activity of technetlum-99 63.1 aicrocurles

which is equivalent to: 2.33 aegabecquerla

MethOd at measurenent used (see rv.rse at the certificate): K

Mcutacy Ojorall uwcert.Inty in the radioactive concentration quted above: ± 1.20 %;11 14

Random uncertainty: + 0.43 t Systanetic uncertainty: ± 0.77 1

Overal uncertainty is defined on the reverse at the crtifleicate.

RedlonuclidIc Tha astimated activities at any radioactive impuritIe ar lIstes below ampreased as
Purity parcantages a t ha activI ty t he principal rdIonucllde at the reerance time.

other radlonucl Ides lass than 0.01

Chemical 0.0 1M 40containing 740 micrOgrans of techneltlu per ml aS amaniua pertechneate
-.- Capos It I.

0 Pyscai Reco..ended halt life: 12.13 + 0.05) . 10' yes

100, beta particle .issIon. BNW
52626 i

fesarhe Thie pro.. a t. tha .,,alit s.ura.ne r.uirments ot MAC Regulatory Guide 4.15 for
achieving Implicit has tracebility as dnined in toP 56 (985),.

BW LAORMTORY wPIED FOR PNL
NOTECOMK NO. RECORDS CENTER

526264 NOV11' 85
Approved
Signatory

Amersham
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Test Instructions
Tritium Determination in Water Samples

Batch I

1. Tritium standard number 52733-109-1 (1.89 x 106) needs to be diluted 100
fold. Using a calibrated pipet, pipet Iml of the standard into a clean (well
rinsed with low tritium water) 100ml volumetric flask. Be very careful to
bring the meniscus to the mark using the low tritium water as the diluent.
Mix well.

Pipet No. 'i-/ (1000 ul) Date pipetted / -9- 7t -

Calibrated volume I4t - Q 4a error co . 4r

Transfer into a clean, dry glass jar with a screw cap lid. Label the jar
with the new standard identification (52733-109-100). Also record the new
standard identification and preparation into LRB 52733 (Don Edward's). Bring
the pipet calibration to Sandy or Nancy and we will calculate the activity of
this new tritium standard.

2. Be sure to sign and date the reading assignment form before continuing.

3. When taking aliquots, be sure to use the sample from the unacidified bottle
specifically sent for tritium analysis.

4. Prepare the following samples, blanks and spikes according to the procedure
PNL-ALO-441. Double distill all except 53289-35-1 AB, and C by repeating
Sec. 5.1 - 5.2.

Sample ID Type Volume Spike Sol. Spike Vol.

%D 90-5346 Water 5011l-
(3190-5347 Water 50ilal
(990-5347D Water 5011il (duplicate sample)
(j) 90-5352 Water 5011l -

90-5353 Water 5011-
BL-5346T Deep well water 50ml -
BS-5346T1 Deep well water 50ml #52733-109-100 500ul
BS-5346T2 Deep well water 50ml #52733-109-100 500ul
53289-31A Water 501l 14Js .a -.. j,. r
53289-318 Water 50ml
53289-31C Water 50m11-
53289-35-1A Water 15mi t Ifn
53289-35-18 Water 15ml
53289-35-IC Water 15ml 4t . y_

Water Standards and Blanks (See Exhibit 2, page 1 of PNL-ALO-441):
2 4 ml blanks pipetted from stock of distilled deep well water
2 4 ml aliquots of 53289-35-2 (EMSL-LV background water)
Distilled deep well water with SOul spike of #52233-109-1
Distilled deep well water with 100ul spike of #52733-109-1
Use a calibrated pipet for all spike additions.

&o~.~I
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atiownl iurmun of 5tandards

Qertificate
Standard Reference Material 4926-C

Radioactivity Standard

Hy drogen-3

This Standard Refe.ence Material consi sts of approximately 18 milIll liters
of a master solution of tri hlated water, In a flame-sealed borostlicate-glass
ampoule.

Aliquots of this master solution and of the 1961 tritiated water standard,
SR14 4926, were made up gravimetrically with liquid scintillator Into 18 and
45 vials, respectively, and Intercompared by liquid-scintIllation counting.
The radioactivity concentration of SRM 4927 (which was the master solution
for SRM 4926) that had been measured In 1961 (W.B. Mann, R.W. Medlock, 0.
Iuro, Int. J. appl. Radlat. Isotopes, 15, 351 (1964)), was redetermined by
gas counting in 1918 using the hationaTFBureau of Standards length-compensated
internal gasiproportional counters. Based on these 1978 measurements, the
gravimetric dilution factors, and the liquid-scintillation counting inter-

- comparison, the radioactivity concentration of 4926-C, z of September 3, 1978,
was

-

The uncertainty of the radioactivity concentration, 0.63 percent, is the
linear sum of Olli percent, which is the limi t of the random error of the
gas-counting m*asurements at the 99-percent confidence level (4.032 Sm'
where S Is the standard error computed from 6 determinations). 0.25 per-
cent, w ch is .the estimated upper limit of conceivable systematic error
in the gas cOunttnq and sample preparation, and 0.2 percent, which is
the estimated upper limit of the error In the gravimetric dilutions and
the liquid-scintillatuon measuremencts.

The radioactivity concentration of 4927 as determined in 1978 is 0.7 percent
higher than the results determined in 1961, using a half tife of 12.3S years.
They agree, however, within the estimated overall uncertainties.

This Standard Reference Material was prepared in the Center for Radiation
Research, nuclear lRadiation Division, Radioactivity Section, W. 0. Mann, Chief.

Washington, D.C. 2023l
January, 1979

J. Paul Cali, Chief
Office of Standard Reference Materials

StM 4926-C

.... .. ..... .

13.406 x 103 s- 9"_ 1 0.63%*.

4
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NOTES 0M WE hBS STAMOAROS FOR HYIDROG(fl-3-WATER
SRM-4926, 4926-6. 4926-C and SRM-4927, 4927-6

A recalibration has been ned. on the 85 standard for 114-water by msans Of gas
counting, and new batches of aaterial have been prepared. Because of the large
nmaer of the earloir standards still in us& (IU and because of their importance
In International hydrology AwasureventA (2), it Is Important that the relative
radioactivity concentrations of the five exiting N85 tritium standards be given.
The diagram snown here gives the radioactivity conCentrations relative to SRM-4926,
as of Sept. 3, 1978. It nay be seen that the three low-level materials are essen-
tially equivalent.

RELATIVE RADIOACTIVITY CONCENTRATIONS OF 3H-WATER SRM'S

202.4T

4127-'- 10o.r- a

492" 4626 -'

(Ls szd- ------ 45s24 i.999 - - 1.000

The links represented by solid lines were computed from gravimetric dilution
factors for which the uncertainties are less than 0.11. The links represented by
the dashed. lines ire based an Iiquid-scintiilation interComari sons, for which
the uncertainties are less than 0.2%.

Based on gas-counting eveasurvments of six saqples Of the 1961 SRM-4927 made In
1978, the following radioaccivity concentration values are obtained:

5RM Aid oactivitConcenraions-q-a)

4926 3.406 a 101 t 0.4,1

4926-8 3.402 a 10.z 0.431

4926-C 3.406 a 101 : 0.6,1

4927 3.411 A 103 t 0.4,:

4927-8 6.909 x 0e : 0.6,

On the busIS of she 1961 ns-counting measurements, the radioactivity concentration
of SAM-4227 was 0.8793 A 04 I-g t I as of Sepcember 3. 1961. The relative
4greseenc between the 1961 and 1918 gas-counting weasurements cannot be established
unequivocably. however, because of the uncartainty in the half life (if a halt
life Of 12.35 y is used, the 1961 and 197 standards agree to within 0.7-; for
complete agreement. It would be necessary to use a halt life of 12.44 y.)

(1) fann. W.P., ledlack, R.W. and Turs, 0. ins. J. appl . 1adiC. Isotopes. IS,
351 (1964)

(2) Taylor. C.S.. Int. J. ,ppl. Radiat. Isotopes. 29. 39 (1978).
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Alpha and Beta Disintegrations per Count Determination

By S. K. Fadeff and D. L. Fassler McMullin
August 13, 1991

Introduction

The previously used disintegrations per count (d/c) factor was not
appropriate for the determination of total alpha and beta content prepared
according to PNL-ALO-460 and PIL-ALO-462. The more solids loading on the plate,
the further the d/c value varies from the previously used value. The original
d/c value was obtained from plates stippled with known activity by the ACL
Standards Laboratory with essentially zero solids loading. Using this d/c value,
low matrix and blank spike recoveries were obtained for total alpha determination
of soils for the 200-BP-1 project. Low matrix spike recoveries were obtained for
total beta determination in soils. It appeared the solids were masking
significant percentages of the alpha and beta particles. Intuitively this makes
sense for the solids loading contribute to shielding of alpha and, to a lesser
extent, beta particles. It was necessary to define the effect of the shielding
due to solids loading, relative to the disintegrations per count, thus
establishing a calibration curve.

As an outgrowth of this original study, it became apparent that the sample
geometry (as the sample is loaded and dried on the plate) also differs
significantly from that provided by the ACL Standards Laboratory; this in turn
affects the d/c value. This was concluded because the plates with zero solids
loading consistently showed higher d/c values than the ACL Standards Lab plates.
A separate study of alpha plates spiked with known activity and prepared
according to PNL-ALO-460 was performed and documented under separate cover.

Experimental

Soils previously analyzed for the 200-BP-1 program and found to contain no
detectable amounts of beta or alpha activity, were used as blank soils for this
experiment. The alpha analysis was performed twice on two different soils at
different times. The beta analysis was performed once on one type of soil. The
soil samples were leached according to PNL-ALO-106, Acid Digestion for
Preparation of Samples for Radiochemical Analysis. This entails two digestions
in hot nitric acid and one digestion in hot water. These solutions were
separated from the soils and combined.

The spiking solution for the alpha cBp t was 2 3 9 Pu, 538 +/- 5 dpn/ml (ID#
52733-118-0) for the first experiment and Pu, 534 +/-5 dpm/ml (ID# 527346144
1) for the second experiment. The spiking solution for total beta was Y-Sr
1104 +/- 55 dpm/ml (ID# 52733-117-0). A known aliquot of one standard spike
solution was added to a tarred plate and an aliquot of soil leach solution was
added to this plate. This was repeated such that a range of 0 to 350mg solids
were loaded onto various plates with known spike solutions. Prior to drying, the
plates were moved to promote a swirling/mixing action in order to obtain a
uniform distribution of the radionuclide in solution on the plate. The plates
were dried in the usual manner according to PNL-ALO-460, Source Preparation for
Gross Alpha Analysis and PNL-ALO-462, Source Preparation for Gross Beta Analysis.

This opportunity was taken to determine how much time is required to obtain
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a stable weight on the dish. Four alpha plates (15, 40, 200, and 300mg loading)
were further dried on the hot plate as per the procedure. They were weighed
immediately after cooling and at succeeding I hour increments for about 4 hours,
then again approximately 17 hours later. Six beta plates (15, 30, 40, 45, 60,
and 200mg loading) were also dried on the hot plate and the same weighing
exercise was performed. The plates were counted after each weight was taken to
determine if count rate discrepancies correlated with any weight shifts. Care
was taken to be sure the plates were located relative to the detector in the same
position for each count.

Once the proper time interval between drying the alpha plates and
subsequent counting was determined, the plates for the alpha and beta calibration
curve were counted. The plates were counted according to procedures PNL-ALO-461
and PNL-ALO-463, Alpha Counting and Beta Counting, respectively. For purposes
of determining the calibration curve, the samples were cn,;ited long enough to
obtain approximately 10,000 counts, thus reducing statistical counting errors.

Since it became obvious the sample solutions tended to flow up out of the
dish and onto the dish outer edge, another experiment was tried. This entailed
applying a very thin layer of stopcock grease on the outer dish edge as a
barrier to the aqueous mixture. 1wo blanks, 40, 50, 100, and 200mg solids
loading were run to determine the effect on the alpha curve.

Results and Discussion

After heating the alpha dishes on the hot plates and cooling to room
temperature, it was noticed the weight increases. Apparently, after about one
hour the weight is constant to within about 3% relative through the 21 hours
monitored. The beta plates are not routinely heated on the hot plate prior to
counting. The plates that were heated as part of this experiment showed the same
trends as the alpha plates. The weight stabilized after about 1 hour
equilibration with the atmosphere varying by about 3. The count rates on these
plates were also monitored. The count rates showed no variation with respect to
the slight increase in weight during the initial I hour equilibration.

After the extended count times to obtain the 10,000 counts, the counts per
minute were calculated along with the total disintegrations per minute added to
the plate. A disintegrations per count (0/C) versus total milligram solids
loading curve could then be established for both the total alpha and total beta
analyses. See figures 1 and 2. The total alpha data from the two independent
soil leach solutions were combined to define one curve. The results are
indistinguishable on the d/c curve. It appears the soil source is not a
significant factor in the d/c determination. The curves defined by the data did
not fit a linear relationship but good fits were obtained by quadratic equations:

D/C alpha = 2.9864 4 0.05917(x mg) + 0.000097(x mg) 2

error in terms: 2.9864 +/- 0.2031
0.05917 +/- 0,00485
0.000097 +/- 0.000015

0/C beta = 1.8904 + 0.007202(x mg) - 0.00000718(x mg) 2

error in termst 1.8904 +/- 0.02185
0.007202 4/- 0.000427
0.00000718 +/- 0.0000010148

A summary of the data is included in Tables I and 2.
The alpha d/c increases dramatically with the solids content on the dish.
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The beta d/c also increases significantly but appears to level off at about 500mg
solids loading. Using stopcock grease on the outer lip edge appears to have no
discernable effect on the d/c calibration curve. It should help with sample
handling practices in that the plate can be handled by the outer edge without
disturbing the sample itself.

Conclusions

In order to perform a total alpha and beta analysis on samples leaving
measurable residues on alpha and/or beta plates, three new steps should be
followed. (1) Stopcock grease should be applied to the outer edge of the dishes
to preclude sample creep up and over the dish edge. (2) The alpha plate should
equilibrate with the atmosphere after heating and prior to weighing. (3) A
correction will have to be made utilizing the calibration curve defined in this
paper.

Reference LRB53293, pages 20, 23-27, Pacific Northwest Laboratory

D-C50
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FIGURE 1

D/C curve for total solids loading on alpha plate
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FIGURE 2
D/C Curve For Total Solids Loading On Beta Plate
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1 K

Alpha response with varying aonts of solids loading

Target Actual +/- I Counts Ninutes Bckgrmd

TABLE 1
Residuals

Met 4+- 1 Met do. +/- I do.JCa. /- 1 S -1 I error Calc. ICalculated d/c
Curve fit Actual dic)-Iwt at 4e sigma counted cpa cp sigma added siga sigma

a * I 11613 250 1.176 39.9 3.40 237.8 1.7 2.679 8.838 2.717 2.641
6 1. 13178 251 1.13 48.6 8.43 117.3 1.17 2.659 1.137 2.676 2.632

1I 5.2 8.2 1226 361 0.876 33.8 1.31 187.1 1.17 3.163 1.143 .3.246 3.121
1I 5.1 8.2 13875 482.81 1.13 32.3 3.28 187.3 1.17 3.311 3.144 3.354 3.266
25 14.2 6.6 13776 366 6.651 29.7 6.29 167.6 1.17 3.581 6.381 3.638 3.531

3 1.8 1.2 1668 469.37 6.116 22.7 3.22 167.3 1.17 4.723 8.166 4.799 4.657
35 35.3 1.4 8536 468 8.151 21.3 3.23 187.3 1.37 5.826 1.874 5.16 4.952
43 39.2 1.6 11981 633 1.116 19.6 8.18 187.8 1.87 5.473. 1.374 5.547 5.398
45 46.9 1.? 18621 268 1.151 38.5 8.39 214.8 2.7 5.561 .6177 5.637 5.492
59 49.6 2.3 19469 333.43 1.116 34.4 3.34 214.3 2.37 6.223 -8.6 6.369 6.138
53 48.2 1.9 18786 323 1.051 33.3 6.32 214.3 2.37 6.418 6.186 6.586 6.331
63 62.8 2.5 17841 633 3.116 29.6 1.22 214.8 2.37 7.225 0.188 7.314 7.137
8 73.8 3.3 15114 663 3.151 25.1 a.21 214.1 2.37 8.513 6.118 8.621 8.485
126 113.4 4.5 7837 UI 1 .51 15.6 6.18 214.3 2.37 13.698 8.264 13.912 13.494
26 229.8 9.2 13625 56 1.351 27.2 6.23 532.4 18.31 19.574 3.414 19.988 19.166
314 298.9 12.3 10138 558.38 1.116 17.8 8.18 532.4 16.36 27.832 1.651 30.482 29.182

358.6 14.3 14293 998.58 3.987 14.489 1.122 537.2 2.9 37.176 1.371 37.448 36.735
223.9 9.8 2419 988.58 8.649 24.520 6.158 537.2 2.9 21.91l 1.164 22.6 21.717
114.3 4.6 18638 934.59 1.193 19.817 3.146 216.1 2.6 11.985 1.129 11.134 16.775
53.8 2.1 26126 651 0.687 48.393 1.249 216.1 2.8 5.389 3.863 5.449 5.329
37.3 1.5 12311 656 8.393 16.145 1.171 269.3 1.1 5.731 8.874 3.885 5.657
36.2 1.4 16209 468.61 8.367 21.869 1.217 168.6 1.1 4.938 1.167 5.85 4.871
28.4 1.1 13272 656 3.149 20.369 1.177 18.6 1.1 5.382 A.167 5.369 5.235
16.3 8.7 8961 JAG 3.193 24.799 1.263 186.3 1.1 4.355 1.861 4.416 4.294
8.3 8.4 16714 338.78 3.697 31.745 6.387 181.1 1.1 3.482 8.146 3.418 3.357
3.1 3.3 12637 338.61 8.849 37.271 3.332 18.1 1.1 2.898 1.137 2.935 2.561

I 8.8 6542 188 6.384 36.268 1.451 117.22 1.16 2.957 1.149 3.166 2.938
I 3.8 6622 fee 1.12 36.669 1.45M 117.22 1.16 2.924 1.348 2.972 2.876

3.1 6.6 6443 188 0.111 35.683 1.447 117.22 1.16 3.685 3.858 3.854 2.955
1 3 . 13192 368 3.398 36.546 9.319 236.4 1.1 2.911 3.839 2.751 2.072
I 6.6 13436 366 1.138 37.184 6.323 166.4 1.1 2.861 6.839 2.911 2.823

48 36.7 1.5 11469 668 3.892 17.285 8.163 186.4 1.1 6.156 6.896 6.242 6.869
51 54.7 2.2 22842 668 8.890 34.511 8.229 212.7 2.1 6.163 6.673 6.236 6.896
IN 100.7 4.5 14248 666 9.138 21.450 1.181 212.7 2.1 9.926 1.128 11.944 9.78
289 195.2 7.8 11316 408 6.898 25.692 1.254 425.5 4.1 16.562 8.228 16.798 16.334

1.415 2.8696
1.489 2.6696
1.349 3.2877
1.331 3.2812
1.389 3.837
1.393 4.9383
1.475 5.2326
1.361 5.536
1.391 6.8127
1.376 6.2788
1.365 6.1778
1.224 7.1953
1.264 8.5913
1.489 11-2582
2.116 22.0482
2.179 29.6364
1.382 36.7732
8.842 21.5179
1.184 11.3435
1.114 6.5276
1.297 5.4893
1.357 5.3173
1.271 4.7714
1.489 4.6796
1.339 3.4445
1.285 2.3761
1.646 2.9696
1.642 2.8696
1.654 2.8761
1.354 2.8696
1.351 2.696
1.398 5.3526
1.102 6.6527
1.293 14.2298
1.377 19.6598

Residual avg
Residual std dey

1,B71

1.1870.814
-6.833

3.362
8.846
8.141

3.611
1.094

3.989

-8924
-1.849
--1.77
8.126

-1.167
-8.187-6.098

8.846
1.211

-8.156
6.877

-1. its
-0.863

3.612-3.162

-8.838
-3.819
-3.643
-0.614
3.03

-4.131
0.79

-6.3

8.131
8.127

1.874

C

C
C
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TABLE 2
Rot responee witlh vying amopnt! of 0o1ide Ieadinq

These were ciunted rn the rejulir beta detectars, ot the tom bjckjround .letectors.

fr,el PtuI Conts Ifinutes BEfrnd Ne .- I Ilet IpA 0- I
.1 't Al Slm 2rC?',$.ed -. 04 CPO -13j 4ddql s ,.a.

0 I 2 13400

IS 6.5 9 3 IllS
15 6.6 3.7 126'9

-5 14.5 M. 7 II2

70 1.2 1. 119110

55 '6.3 1.4 1179
1@ 41.3 1.7 11464

45 49.7 1.? 12965

.3 13.6 2. 1l3 15

80 ?5.7 L.7 11186
12 141.5 5.7 10397

20 24.5 10.S 21424
30 435.1 17.4 18822

1.3 117.9 1.091
'5.4
13-4
15.5
£53

19.4
15-4
U5.S
It.5
'5.4
19.4

16.3

15.4
15-4
35.5

116.6
115.9
I I..3
'14.3

104.5

99. I

19?. 1
201.3

25.7.*9

298.5

1.me
1. 28
!.1.3'

1.32
1.11
1.93

1.33

1.52
,.J.?5

22!
22?
22)

221
227!
22?
t21

442
I'2
I42
442
44?

1163
jli

dp.!cp. /- I 1 -I
slqoa

II 1.Th I.9 I.Il 1.71
1.596

I.986

2.115
2.904
2.2:1

2.294

2.243
2. 19,
2.70

2.59a
2.800
3.22 )
5

0.01
8.e9!
3. 119
6.09?

e. sz-

8.111
2.113

3.114
2. III

2.132
1.142
1.171
0. Ic6

2.2 R
2.922

2.3 42

2. Y3
2.30
2.469
2.138

2.342
321

L3.2

1.988

1,9)7
2. 189
2-169

2.116

7. 4S6
2.129
2.095
2.27!
2.466
2.657
34 8
L4 9a

efrsr C ! ul tePesIdtnIs
-./c (d'! %mic./Iu L - 1

S.: B 1.90 . 3
!.33 1.89 -0.029
5.4C 1.737 Q.1153

5.M0 1.958 -A.11Cf
M..4 1.994 11.164

5.271 1.H7 -M0. 4
5.073 2.110 -pI5
5.97? 2.179 -b.925

5.60 2.224 -.A'

2.361 2.275 2.'1

5.966 2.544 -3.2'
.275 2.531 -4.037

5.882 2.76 -i.4121

i.325 Lt65 -P.P?5

ttd dev P.Pci
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Bate: Geceeber 21, 19'V3

Subject: STRONTULIM-90 CALIBURATI0N PROCEDURE SUAWARY

By: J. It. Kaye d 49 / 1

I have reviewed the Sr-90 calibration data, which is in the enclosed data
package.

the procedure involved the following steps:

1) Addition of Sr-85 tracer to an equilibrium mixture of Sr-901Y-90 and the
amount of Sr carrier needed to yield the desired weight of SrC03 on the
counting dish.

2) Separation of the Sr-90 from the Y-90 by means of two ferric hydroxide
precipitaions. The Y-90 is carried with the precipitate and the Sr-90 remains
in solution.

3) Addition of saturated Na2C03 solution to precipitate SrC03. The
precipitate is centrifuged, transferred to the tared counting dish, dried
under a heat lamp and weighed.

4) The dried sample is counted within one hour after separation of Y-90, so
that the In-growth of Y-90 is less than one percent.

5) The sample is later counted with a 1al(T1) detector to determine the
recovery of Sr-90, which is on the order of 80 percent.

Three measurements were made for each nominal weight of SrC03 precipitate
except for the 60 and 80 mg SrC03 points, where only two measurements were
made. A linear least-squares fitting routine was used to determine the best
fit to the experimental data,

d/c - (1.980 +/- 0.061) + (0.0151 +/-- 0.0015)*(wt Src03)

Reference - Statistics for Analytical Chemistry, J. C. Miller and
J. N. Miller, Hialsted Press (John Wily & Sons) 1984, pp'82-93.

For details, see "Sr Calibration Data Package" folder filed under
53293 - 16 in 329 office a and LRB 53332, pp 60-66.

Project No.

Entered By 
Date

Qisclosed To and Understood By

signed 1.

2. Dte
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Pacific Northwest Laboratories l .nj Ditribution

File/LB

Da. March 4, 1992

To 1100EMI File

From Sandy Fadeff f .t c/

sabj. Technetium-99 Calibration Curve

Technetium-99 is a relatively soft beta emitter and as such is
relatively easily shielded by salts on a beta plate. (The maximum beta energy
for 99Tc is 0.29 MeV, for 9Sr it is 0.55 MeV and for 9Y it is 2.3 MeV.) In
order to determine the blank spike recovery and matrix spike recovery, and
make a legitimate comparison of sample results between the total beta analysis
method and the Tc-99 by the ICP/MS method, a calibration curve needed to be
constructed. This calibration curve corrects the dpm/cpm, or efficiency, for
the various mass loadings on beta plates.

In order to best "re-create" the sample matrix, a low level beta 1100EMI
sample (801574) was chosen to be the source of the matrix mass. Various
volumes of this sample were spiked with a constant amount of Tc standard in
sufficient quantity to overwhelm the sample beta activity contribution.
Several samples at essentially zero mass loading were taken along with masses
ranging from 8 mg to 107 mg.

The stock sample did have a small amount of activity. This required a
small correction in calculating the beta activity. The activity due to the
sample needed to be subtracted to determine the net count rate due to the
spike. An approximation was set up based on the duplicate analytical runs of
the sample in the initial beta analysis. The average gross beta activity of
5.23 pCi/L, calculated with the 90Sr-Y calibration, was used and a net cpm was
back calculated from this value. (The net count rate was not used due to the
significant variation in the plate loading between the duplicate samples; the
calibration used tries to correct for that.) This builds in an uncertainty of
around 10% which is unavoidable without further studies. The incertainty
stems from three sources. 1) The 5.23 4 Ci/L was based on the Sr-Y
calibration, but the samples could be Tc or some mixture of beta emitters
representing various beta energies. These other beta emitters (especially the
99Tc) may vary in counting efficiency more as a function of plate loading,
than is represented in the 90Sr-Y calibration. 2) The d/c factor (2) used in
back calculation is a reasonable approximation for the Sr/Y calibration.
However, the d/c varies from 1.89 to 2.58 with mass loadings ranging from 0 to
107 milligrams. 3) There is also an uncertainty in the sample duplicate
average. The count rate per sample volume corresponds to about 0.0058 cpm/ml
which was used to make the subsequent sample activity corrections.

Once the estimated sample component of the total activity could be
calculated, it was subtracted from the total activity providing the net spike
activity. The dpm added divided by the net cpm provides an efficiency for
each data point. This was plotted against the corresponding mass loading on

E54 nO, (,D/88)

B03-013



1100EM1 File
March 4, 1992
Page 2

the plate and a curve fitting program was utilized to provide a second order
fit. The resulting efficiency versus milligram loading on the beta plate
curve was calculated and is defined as:

efficiency (d/c) = 2.486 + 0.0566(X) - 0.000123(X)2

where X equals the milligram loading on the dish.

A transcription error was uncovered during the technical review of this
effort. The sample mass entered as 23.1 was actually 23.7 milligrams. The
effect of this on the data was very small and actually improves the agreement
between the calculated and obtained d/c ( 3.76 and 4.21 respectively).
Because the error was so small it was determined any impact on the data would
also be Vegligible. Correcting the d/c equation and subsequently correcting
all the Tc calculation spreadsheets and associated calculations would have
been a major task with no measurable benefit. Therefore no further
corrections were made. This can be done upon client request.

This is an approximate efficiency or calibration curve. A better
calibration curve could be determined using blank groundwater where for which
no sample activity would need to be corrected. This method was used because
we had no blank groundwater available nor the knowledge of what salts and
other solids may be present to synthesize our own. This does provide a good
estimate or approximation of the calibration and is accurate to about 10% as
evidenced by the Tc matrix spike recoveries on 11001EM beta analyses.

B03-014
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1100-EM-1 Total Beta Analysis D/C Calculation of Tc-99
Efficiency (d/c) Based on mg Plate Loading
Tc-99 Standard used: #54124-64-0 and a

0.0001235X^2 where X = mg loading on plate
c:0.0000645 from d/c = a + bx + cx^2

1:17 dilution of this standard which is called #54124-64
Equation from curve fit progral
d/c = 2.4859 + 0.056633X -

Errors in terms: a: 0.1045 b: 0.006105

92-02726 cpm from
mg loading vol (ml) sample*

0 0
0 0

0.1 0
2
2
2

23.
35.
43.
51.
56.
64.
83.

107.

.2 0

.3 0

.6 0
8 20.8

.7 59

.9 80
8 100.4
4 120
8 120
8 140.3
1 204
2 250

0
0
0
0
0
0

0.12
0.34
0.46
0.58
0.70
0.70
0.81
1.18
1.45

cpm
75.03
76.86
71.56

45.4
43.1
42.3

61.03
44.3

42.04
38.7

35.88
39.97
34.16
30.56
26.89

Sid Added
(dpm)

184.9
184.9
184.9
108.5
108.5
108.5
184.9
184.9
184.9
184.9
184.9
184.9
184.9
184.9
184.9

d/c'*
2.46
2.41
2.58
2.39
2.52
2.57
3.04
4.21
4.45
4.85
5.26
4.71
5.55
6.29
7.27

d/c from
above equation

2.49
2.49
2.49
2.61
2.62
2.63
2.93
3.76
4.36
4.73
5.07
5.30
5.64
6.34
7.14

delta %-'
99.1
96.8

103.7
91.6
96.2
97.4

103.6
111.9
102.0
102.6
103.6
88.8
98.4
99.3

101.8

* Assume average efficiency of 2 dpm/cpm. This is not exactly right for each sample due to variation in the milligram
loading on the beta plate, and the beta may not be Sr/Y-90, but this is a reasonable approximation.

vol of sample * 5.23pCi/L * 2.22dpm/pCi
cpm from sample:

(lOO0mIL) * 2dpm/cpm

dpm added
"d/c = --------------- -----

total cpm - cpm from sample

d/c
delta % ---------------------- X 100

d/c from equation

) i 

C.

a1

I

si



1100-EM-1 Total Beta Analysis D/C Calculation of Tc-99
Efficiency (dIc) Based on mg Plate Loading

Errors in terms:

92-02726 cpm from
sample*

0
0
0
0
0
0

0.12
0.34
0.46
0.58
0.70
0.70
0.81
1.18
1.45

cpm
75.03
76.86
71.56
45.4
43.1
42.3

61.03
44.3

42.04
38.7

35.88
39.97
34.16
30.56
26.89

Std Added
(dpm)

184.9
184.9
184.9
108.5
108.5
108.5
184.9
184.9
184.9
184.9
184.9
184.9
184.9
184.9
184.9

Equation from curve fit program
d/c . 2.4859 + 0.056633X - 0.0001235X^2 where X - mg loading on plate
a: 0.1045 b: 0.006105 c:0.0000645 from d/c = a + bx + cx^2

d/c
2.46
2.41
2.58
2.39
2.52
2.57
3.04
4.21
4.45
4.85
5.26
4.71
5.55
6.29
7.27

d/c from
above equation

2.49
2.49
2.49
2.61
2.62
2.63
2.93
3.73
4.36
4.73
5.07
5.30
5.64
6.34
7.14

delta %*'
99.1
96.8

103.7
91.6
96.2
97.4

103.6
112.8
102.0
102.6
103.6
88.8
98.4
99.3

101.8

* Assume average efficiency of 2 dpm/cpm. This is not exactly right for each sample due to variation in the milligram
loading on the beta plate, and the beta may not be Sr/Y-90, but this is a reasonable approximation.

vol of sample '5.23pCi/L * 2.22dpm/p'i
cpm from sample:

(1000ml/L) * 2dpm/cpm

dpm added
*dc = ---------------------

total cpm - cpm from sample

d/c
* - delta % = -------------- X 100

d/c from equation

' 11 1 2-

)

mg loading
0
0

0.1
2.2
2.3
2.6

8
23.1
35.9
43.8
51.4
56.8
64.8
83.1

107.2

vol (ml)
0
0
0
0
0
0

20.8
59
80

100.4
120
120

140.3
204
250

C 1



Task to Determine Efficiency of 99Tc Beta Counting
Versus mg Plate Loading of Groundwater Samples

Use a low level sample from the 1100-EM-1 sample series (92-02726).

Measure various volumes of this sample so that a range of 0 mg to 100 mg of
solids will result on a beta dish.

Spike each sample with a known dpm 99Tc, large enough to make any sample
counts become relatively insignificant.

Procede with the beta analysis procedure, PNL-ALO-462 and beta counting
procedure, PNL-ALO-463.

Spike Volumes

Isotope 973 Pipet No.
Pipet Vo. .. / +/- C. fo 0 Date / 2 .. ffr -
Spike ID -s' -e, -9 o Spike Activity Y z//

Weights
Sample ID Sample Vol. Gross Dish Tare Net Dish

92-02726

____~~~. -3.. 7-c nv

2C.A~c4 j~t .~4 443/-Z 3-Z

B03-017
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01 13

Leaching Data Sheet

Procedure PNL-ALO-106 Rev.0, leach:

Date Sample Leach Started / - 9

Check i used

Date Completed /- 6/ 97
Tracer or Spike Volumes
Isotope ,- \/ Smple Added to: 63 a1-72t/
Pipette No.o- & + Date Pipetted j _ j ._
Spike ID .271 ,-,.' Spike Activity /.,<7.eC, .j04

Isotope 9 9F7c Sample Added to: A yo 7-tLi 1P_
Pipette No. go , Volume /9 Pt I J +/- .9 Date Pipetted -/-O-t---
Spike 1.9. 4 '-3--1-- Spike Activity ,r;-. gY

.5q,2-qi '084.5" S 4~i-

Sample 10, Aliquot Size, and Leachate Volume

b1ance Nu1berS/- Cd. /- 46 . Te prAure (if .eighing water sasples)

S'.pI. 10 Besker It.

/04 3z-9
Sample Volumes (ir a pipert

Pipette No. M

.a

Bker - Spt Saepte It o o*
oi V.__.

,ed for s.,V#,queou, sa.gj

Volume M A +/- J R Date Pipetted AJA

9 -2 3.9
Analys t / Date

LECHDATA. LOG

Reviewer 'Date

' A 9 3/V'.

BOJ-02 "

60 IS7'4

60157 5

$0 I5Trj

S -0272 0 //: o o.10 a
2 . > -T >3?. as _9.7/ _ _

Za../.i Royt s $,120 P.? _

-0 M7-7 
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QBauielle( BETA COUNTING DATA
E E EDATE ANALYZED SAMPLE TYPE CHARGE CODE
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n /
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SPREADSHEET FOR CALCULATION OF TOTAL BETA ACTIVITY

Date calculated
Enter Radiochem Sample Number (IIXI)
Enter Log-In Number ('9-XlXI)
Enter Client Sample ID
Enter File Name

Initial amount of sample used
Which units, al, 9 or samale?
If leached. enter final leach soln volume (ml)
{$-leached, enter &l of leach soln analyzed
Enter total counts observed
Ester count time in minutes
Enter backaround (cpa)
Cikulated net cpm
Height of residue on dish (NOT IN BRANS) - in MG
d/c for detector based on qg loading

M.24b

11-Feb-92
92-2726
92-02726
b81574
2726TB

95.14 +\- 0.2121
ML

I +\- 8.201
I s\- 9.2291

1263
Ilia

8.789
0.5541

39.3
2.1624

+\'-

+\'-

.\-

8.0444
0. 1

2.0276

E tur n _eredZ--
(Entered by) (ae

Total Beta Activity

Error in activity units'

Percent Error

Minimum detectable activity

5.672 pCilL = 0.085672 pCi/al

8.461 pCi/L = 0.098461 pCi/al

8.12 1

NA

0.1. .41A2 4 'jfla7- - 5.Z3o

lj.3 4

si natura .. j A
(Reviewed by) (Date?

'ALCULATION OF SAMPLE ACTIVITY:

Inet cpm) (d/i (pCi/2.22dp) (ml leachatel
------------------------------------

(initial sample amount) (ml subsampled)

Note: The propagated error includes the error associated with
the d/c calculation based on the ag loading on the plate.

)tal Beta Spreadsheet Revision 3, 6/28/91
JTIETA

B030 2:



SPREADSHEET FOR CALCULATION OF TOTAL BETA ACTIVITY

Data calculated
Enter Radiochem Saaple Number (IIX)
Enter Log-In Number ('91-XXXX)
Enter Client Sample ID
Enter File Name

Initial amount of sample used
Which units, al, g or sample? ML
If leached, enter final leach soln volume (ml)
If leached, enter al of leach soln analyzed

4nter total counts observed
Enter count tine in minutes
Eter background (cps)
Calculated net cpm
*ight of residue on dish (NOT IN DRAMS) - in MS
d/c for detector based on ag loading

$ignature
(Entered by) 4.78 (Date)

Total Beta Activity 4.787 pCi/L =

93.88 +\- 8.2009

0.8081
2.8Ba1

1152

8.789
0.4438

53
2.2519

4\-
8431

m.a
8.2316

.284787 pCi/al

Error in activity units'

Parcent Error

diniamu detectable activity

1.471 pCi/L * 0.808471 pCi/mi

9.84 1

NA

Signature _.L /V2.
(Reviemed by) (Date)

CALCULATION OF SAMPLE ACTIVITY:

(net cpm) (dic) (pCi/2.22dpm) (ml leachate)

(initial sample amount) (al subsampled)

*Note: The propagated error includes the error associated with
the d/c calculation based on the ag loading on the plate.

-t Beta Spreadsheet Revision 3, 6/2B/91
TOTETA B03-026

I-Feb-92
DUP-2726
DUP-2726
DUP-2726
DUP2726
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Path: A
File: DCEMi

0
0

0.1
2.2
2.3
2.6

8
23.1
35.9
43.8
51.4
56.8
64.8
83.1

107.2

Lrc~. ~.a.A'3

.PRN

2.46
2.41
2.58
2.39
2.52
2.57
3.04
4.21
4.45
4.85
5.26
4.71
5.55
6.29
7.27

ja-h (04§5.

374 .a.. 2-12-92 3:03:58 pm

B03-027

Iwoo C/M'2

Page 1
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a- 46-n /. a -~'

n~:zrSEuL SnEET 531
Bate Calc

Enter Rad
Atesti

Enter Log
tEstl

nIter cli
test!

Enter Fi
A E-tI

O 0)

Sal-
-Ia

All:
Fl:
All
£12:
Aim
FL:
A14i
F14:
Af7:

117;

FIE:

At',:

F19:

GI;;
FIT:
SI?:
Al7:

AS:I

019:
A"9:

A:

- F22:
620:

120:

AMt

F2j:

Ant:

£22:
A23:
F2b:
A24
F24:

624:
H24:
124:

F25:
625:
825:
A26:

626:
H2b:
1%6
A29

C29:
029:
.29

E'@;AMt0

ilimYG(r.) '
initial A .j

r\-z

£F4) A S .AA0

HI7/FI712
Thiih unit -

-t I~LIaht5: c& cc

FS A I
4\-

AF4) A 023
3l91F19s^2
If leachEtI, EL r J lf E r

FE4) A &03i:

Enter total C th ctcrvA
'ii

:ntar c-*ant t ±ec iae

Enter backgrcL
I .2c

£4) iF h/F22-I
1'\-

£4) eSGnnr V- 1>Ftt)i/F~22
*r24/F2'^2

ei gft of reti": n c rin T 1,
A 10

*.F1) A 2,2
0 Ht[. Eo Geeco cs O n Eg 1

54) A 2405t 0. emr '-1'001C4t

rU A &6F:T I , ; 4 i ot+1 2 fF.
.2&/F21'i^2

E±qnature

rate)

I'?rc/Uy L, ,a_-]

xd.k4. A4ffZ/Z<Z'l -



OE Ci

A,: Total iEca It,

F,: (F6) Ulf(Fsc

'35: Error in
1135 (F) +D3Zte&Ti7r'4v

F35 )
835: lIF($Fsi8="t1A oC.
A,7 PerCEnt Error
,D37: S2) +J3,/73

A 3: minirua dhivt: !
N 5; u .) i IF (D,- z -F T - :
E39: jF(D3 -=i- 

--F35: al LF Dr3 7
63i 76) iF£T Qx - >

A4:: £ignatur-
842:
C42:
D42:
E4';
'43:
E43: DatE)
A4o: £LCULATIr6 £- c£ T
A4: (netW4:
A49: ------ ---- - - - - - - - - - -------- -
A50: tinit" e aa
A53: -rte: The ;r te0 ar'ra -t
AM4: the : m a r
A57: Total Eato c-rztlrtiQi'
AS: TCTEETA
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roav-n ficr1I /L A
SPHtiD:i)EET FOR CALCULATION OF TOTAL BETA ACTIVITY DUE TO TECHNETIUM

Date calculated
Enter Radioches Sample Number (XlIi
Enter Log-In Number ('91-11)
Enter Client Sample ID
Enter File Name

.Luitial amount of samole used
Which units. al. a or sample?
14 leached. enter final leach soln volume (al)
If leached, enter al of leach soln analyzed
Ster total counts observed

Epter count time in minutes
Enter backaround (cpa)
Calculated net can

sqht of residue on dish (NOT IN GRAMS) - in NG
for detector based on mo loading

18-Feb-92
duplicate 92-02726
DUP-2726
DUP-2726
2726DTC

93.B +\- 9.8281
SI

1152
Ilia

1.769
1.4438

53
5. 1486

a.2011
0.5811
B.881

8.8431
8.1

8.3853

Sitgnature by)

fatal Beta Activity

fror in activity units*

Percent Error

16.927 PCi/L =

1.343 oCi/L =

0.818927 pCi/*i

1.081343 oCi/*l

12.29 I

Minimum detectable activity NA

Signature _ . h ---- _/
(Reviewed by) (Date)

CALCULATION OF SAMPLE ACTIVITY:

(net cpnm)(d/c (pCi/2.22dpa)(ml leachate)

(initial sample aaount)(ml subsasoled)

*m..ce: The propagated error includes the error associated with
the d/c calculation based on the mg loading on the plate.

Total Beta Spreadsheet Revision 3. 6/28/91
TOIBET1

B03-033



lChJl fit'tcl It- d'tCAI/

da " mtfe^ 4-. i t , '
iPREADSHEET FOR CALCULATION OF TOTAL BETA ACTIVITY DUE TO TECHNETIUM

Date calculated
Enter Radioches Sample Nuaber (XIII)
Enter Log-In Number ('91-lXX)
Enter Client Sanele ID
Enter File Name

Initial amount of samole used
Which units. al. o or sample?
If leached, enter final leach soln volume (ml)
-if leached, enter al of leach soln analyzed
Enter total counts observed
Enter count time in minutes
nter background (cpal
Calculated net ca

--Weioht of residue on dish (NOT IN SRAMS) - in MG
d/c for detector based on &a loading

14-Feb-92
92-82726
92-62726
801574
2726TCB

95.14 t\- 6.0288
Rl

I +\- 8.2981
I f\- 9.9281

1263
18668

1.189
6.5541

39.3
4.52%9

+\'-

+\-

2.9444
1.1

8.2801

natur E nee by at

Total Beta Activity

Error in activity units*

Percent Error

Minimum detectable activity

11.858 oCi/L - 6.011858 oCi/ial

1.281 PCi/L - 1.881211 oCi/al

11.13 1

NA

Signature _4-A __ __q- - {,L
(Reviewed by) (Dates

CALCULATION OF SAMPLE ACTIVITY:

(net cpm) (d/i)I oCi/2.22dam)(al leachatei

(initial saaple amaunt) (al subsamoled)

#Note: The oropaated error includes the error associated with
the d/c calculation based on the ma loading on the plate.

Total Beta Spreadsheet Revision 3. 6/28/91
TOTIETA

B03-034
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8
23.1
23.7
35.9
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83.1
187.2

1.8904
1.0911
1.9862
1.9869
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1.9476
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